Abstract An investigation was done to find out the role of gut bacterium on the larval development and survival of Anopheles subpictus, the vector responsible for the transmission of malaria. An. subpictus mosquitoes breed exclusively in stagnant water, including shrimp/fish ponds with high nutrient level. One bacterial strain (CX2) was isolated from the midgut of late third instar of mosquito larvae. The bacterial isolate was sensitive to recommended doses of tetracyclin (30 lg/disc), doxycycline (30 lg/disc), kanamycin (30 lg/disc), gentamycin (10 lg/disc), streptomycin (10 lg/disc), vancomycin (30 lg/disc), ofloxacin (5 lg/disc), levofloxacin (5 lg/disc), gatifloxacin (10 lg/ disc), but resistant to ampicillin (10 lg/disc).The larvae which were fed with the mixture of two antibiotics tetracylin (30 lg/disc) and doxycyclin (30 lg/disc) (1:1) could not survive in rice-field water. In the control experiments without any antibiotic treatment, 95-100 % survival and 95 % adult emergence were observed. The study indicates that the elimination of gut bacteria suppressed larval growth. Phylogenetic analysis of the 16S rRNA gene sequence was also done. Based on the morphological, biochemical, FAME analysis and phylogenetic analysis, the bacterial isolate CX2 was identified as Bacillus cereus. Poly acrylamide gel electrophoresis analysis revealed that the isolate showed discrete bands ranging from 24.272 to 60.049 kDa proteins. Water extract and methanol extract of Tamarindus indica showed inhibitory effect against B. cereus.
Introduction
In India, malaria is one of the most important causes of direct or indirect child and adult mortality with approximately two to three million new cases arising every year. Anopheles subpictus Grassi is distributed throughout India, Afghanistan, Borneo, China, Malaysia, Philippines, Sri Lanka, Java and Indonesia. It is a dominant species in Haryana and Uttaranchal states (Nagpal et al. 1995) . It has been recognized as a vector of malaria in rural parts of West Bengal (Chatterjee and Chandra 2000) , west nile virus in Asia (Manson-Bahr and Bell 1991) and brancroftian filariasis in some parts of the world (Manson-Bahr and Bell 1991) . The insect midgut is the reservoir of microbes having a vital role of interactions ranging from pathogenesis to obligate mutualism (Dillon and Dillon 2004) . It was also well established that commensal microorganisms have positive impacts across a wide range of host physiology, including regulation of immunity and metabolism (Bäck-hed et al. 2005; Round 2011 ). Microbial symbionts which use insects as their hosts can be controlled by natural agents (Mickes and Ferguson 1961; Beard et al. 2002) . Natural plant extracts are safe for human when compared to that of synthetic and chemical insecticides (Sharma 1993) . Synthetic insecticides cause health hazard towards the non-target organisms and can put a negative impact on the environment due to non-biodegradability and non-ecofriendly nature. Plant extracts usually do not cause hazards of toxicity to other animals and are easily biodegradable.
Tamarindus indica Linn. (commonly called Tamarind), family Fabaceae, subfamily Caesal piniaceae is a tropical tree present throughout Africa and Southern Asia. It is widely cultivated as an ornamental tree. Its acidic fruits are used in making drinks and various parts like barks, leaves etc. are also used as health remedies (Doughari 2006) . Present investigation is an attempt to isolate and characterize the symbiotic bacterial flora of An. subpictus in relation to its role on mosquito larval development and its control by the extract of T. indica Linn.
Materials and methods

Collection of mosquito larvae
An. subpictus larvae were collected from stagnant water, including shrimp/fish ponds along the coast, ponds with vegetation and floating algae, swamps, mangrove forest areas of using standard 250 ml labelled dippers with long handles from different localities of Sundarbans (21°56 0 59 00 N, 89°10 0 59.99 00 E), West Bengal, India. The mosquitoes were identified by morphological characteristics (Nagpal et al. 1995) . The dead, paralyzed, moribund, irritable/sluggish, fragile, putrefied, blackish and fluid oozing larvae were recorded as the unhealthy insects (Poinar and Thomas 1984) . The normal, healthy larvae were surface-sterilized by 70 % ethanol (5 min) and washed three times with sterile distilled water (Chatterjee et al. 2010 ).
Isolation of the bacterial isolates
The gut of third instar larvae was dissected out separately under the laminar air flow. The gut extracts were diluted up to 10 -2 level with sterile distilled water and pour plated on 5 plates at 100 ll/100 ml with nutrient agar (g/l: peptone 5, beef extract 3, agar 3, pH 7) media and cultured in B.O.D incubator at 30 ± 0.1°C for 24 h and maintained at 4 ± 0.1°C in a refrigerator on nutrient agar (Poinar and Thomas 1984; Lacey 1997) .
Phenotypic and biochemical characterization of the bacterial isolate
The predominant bacterial colonies obtained from the media were isolated, purified and characterized following the size, shape, elevation, margin, colour, opacity and consistency of the colonies. Both phase contrast and scanning electron microscopy were done to observe the phenotypic characters (Lacey 1997) . Biochemical characterization was done following standard methods (Pelczar et al. 1957; Smibert and Krieg 1995) .
Scanning electron microscopy (SEM) of bacterial isolate
Bacterial strain was allowed to grow in nutrient agar. Smears of those bacteria were prepared on cover glasses, heat fixed over a flame for 1-2 s followed by 2.5 % glutaraldehyde (aqueous) for 45 min. The cover glasses were then dehydrated passing through 50, 70, 90 and 100 % alcohol for 10 min each. The specimens were gold coated and observed under a Scanning Electron Microscope (Model Hitachi S-530).
Antibiotic sensitivity test
Different antibiotic discs with effective concentrations, namely tetracyclin (30 lg/disc), doxycycline (30 lg/disc), kanamycin (30 lg/disc), gentamycin (10 lg/disc), streptomycin (10 lg/disc), vancomycin (30 lg/disc), ofloxacin (5 lg/disc), levofloxacin (5 lg/disc), gatifloxacin (10 lg/ disc), ampicillin (10 lg/disc) were placed over nutrient agar plates. Inhibition of growth found as a clear zone around the discs indicated sensitive reaction. Diameter of the inhibition zone was measured with an antibiotic zone scale.
Protein profiling of the bacterial isolate
Total protein samples were extracted from the bacterial isolate (Bushuk et al. 1997) . Total protein analysis was carried out by using Sodium Dodecyl Sulfate Polyacrylamide Gel Electrophoresis (SDS-PAGE) (Laemli 1970).
Fatty acid methyl ester (FAME) analysis
For microbial identification system (MIS, MIDI Sherlock Ò USA), the fatty acid methyl ester (FAME) analysis is a standard method. Whole cell fatty acids were converted to methyl ester and analysed by gas chromatography. The fatty acid composition of bacterial isolates was compared to Sherlock library of known bacterial strains in order to find a closest match.
16S rDNA gene sequence analysis
Pure culture colonies of CX2 bacterial isolates were picked up with a sterilized toothpick, and suspended in 0.5 ml of sterilizes saline in a 1.5 ml centrifuge tube and centrifuged at 10,000 rpm for 10 min. After removal of supernatant, the pellet was suspended in 0.5 ml of Insta Gene Matrix (Bio-Rad, USA). It was incubated at 56°C for 30 min and then heated 100°C for 10 min. After heating, supernatant was used for PCR. 1 ll of template DNA in 20 ll of PCR reaction solution was added. 27F/1492R primers were used and 35 amplification cycles at 94°C for 45 s, 55°C for 60 s, and 72°C for 60 s were done. DNA fragments were amplified about 1400 bp. dNTPs from PCR products were purified by using Montage PCR Clean up kit (Millipore).The purified PCR products were sequenced by using the forward and reverse primers.
Study on the role of midgut microbe on the development (late 3rd instar larval stage to adult) of An. subpictus For each experiment, 30 late third instars An. subpictus larvae were released in 100 ml rice field water with 10 % sucrose solution containing a mixture of the antibiotics tetracylin and doxycyclin (1:1) for 24 h (treated) and rest 30 larvae were kept in 100 ml water with only sucrose solution without having any antibiotic (control/wild). Three replications were used for both treated and untreated larvae. In order to evaluate the beneficial role of the bacterial isolate on the larvae, both untreated (wild) and antibiotictreated (cured) larvae (30 larvae/100 ml water for each set) were released in beakers containing sterile or unsterile rice field water with 5 ml bacterial suspension (10 6 bacteria/ ml).Survival of the larvae and emergence of the adult mosquitoes were observed at 12 h intervals. Duration of development from larvae to adult stage was recorded to evaluate the role of this bacterial isolate in the development of An. subpictus.
Preparation of the plant extract
The dried T. indica plant leaves were ground in a grinding machine in the laboratory. Sunlight exposure was avoided to prevent the loss of natural active components of the leaves. 200 ml of a methanol extraction fluid was mixed with 50 g, each of the powdered plant material. The mixtures were kept for 24 h at room temperature protected from sunlight and mixed several times with a sterile glass rod. This mixture was filtered through Whattman no.1 filter paper. The extracted liquid was subjected to rotary evaporation in order to remove the methanol. Then the semisolid extract was stored in an airtight container at 4°C in refrigerator for further use (Chessbrough 2000) .
Results and discussion
The bacterial isolate (CX2) formed circular, off -white and flat colonies ( Table 1 ). The organism (CX2) showed positive result for catalase, methyl-red, nitrate reduction, urease production test, citrate utilization, starch hydrolysis, gelatine hydrolysis and negative result for lipid hydrolysis, voges proskauer, indole and oxidase test. The bacteria could tolerate up to 10 % NaCl present in the Nutrient Broth medium (Table 1 ). The bacteria were found sensitive to the recommended doses of tetracyclin(30 lg/disc), doxycycline (30 lg/disc), kanamycin (30 lg/disc), gentamycin (10 lg/disc), streptomycin (10 lg/disc), vancomycin (30 lg/disc), ofloxacin (5 lg/disc), levofloxacin (5 lg/disc), gatifloxacin (10 lg/disc), but resistant to ampicillin(10 lg/disc) ( Table 1 ). The scanning electron micrograph showed that the bacteria were rod shaped with spores ( Fig. 1) 60.049 kDa (Fig. 2) . On the basis of morphological characteristics and biochemical properties, the bacterial isolate CX2 was identified as Bacillus sp. Fatty acid analysis reveals that 16:1w7c alcohol, 17 iso w10c supports the identification of the genus Bacillus and the presence of the fatty acid 17:1 iso w5c, 12:0 iso supports the identification of the species Bacillus cereus (Fig. 3) . Nucleotide base composition of the 16SrDNA sequence of the bacterial isolate [CX2] has been shown in Table 2 . Restriction Map of 16S rRNA gene sequence of the bacterial isolate [CX2] has been shown in Fig. 4 . The nucleotide base composition of 16 rDNA of the bacterial isolate CX2 was determined which revealed that the AT and GC content were 46.50 and 53.50 % respectively (Fig. 5) . The phylogenetic tree revealed that Bacillus sp. (CX2) branched with the cluster containing Bacillus sp. S1(KC434978), Bacillus cereus GNKCET (KC859638), Bacillus cereus moh2 (KF021536) with 64 % bootstrap support. The cluster containing Bacillus cereus (CX2) and Bacillus cereus L-04 (KJ534397), Bacillus cereus L-05 (KJ534398), Bacillus cereus BS2 (KF672365), Bacillus cereus 37POZ31 (KJ722447), Bacillus cereus WG38 (KF444371), Bacillus sp. F42 (KF135441), Bacillus sp. G1-18 (KC153269), Bacillus sp. U2(KC434993), Bacillus sp. PM-2 (KF543094), Bacillus cereus SNW3-3 (JX534506), Bacillus cereus MB404 (KJ833775) branched with 54 % bootstrap support (Fig. 6) .
The results of all control and treated experiments in relation to the role of B. cereus on the larval development and survival are shown in Table 3 . In the natural rice field water and sterile rice field water, the larval survivability and adult emergence were found to be high. The average adult body weight was found to be (1.06 ± 0.18) mg and (0.93 ± 0.88) mg when grown in natural rice field water and sterile rice field water respectively. The average wing lengths were found to be (0.39 ± 0.041) cm and (0.36 ± 0.024) cm when grown in natural rice field water and sterile rice field water respectively (experiment no.1 and 2). None of the larvae survived in the natural rice field water mixed with antibiotics effective against B. cereus (experiment no. 3 and 6). But the larval survival and adult emergence became high when grown in rice field water treated with ineffective antibiotics or by the introduction of B. cereus suspension in the presence of ineffective antibiotics (experiment no.7). Thus the study indicated that the elimination of gut bacteria suppressed larval growth and established its definite symbiotic role in the development of An. subpictus larvae. Symbiotic microorganisms affect host's physiological changes (SeungChul et al. 2011) . Several mosquito larvae harbour B. cereus in their guts (Plearnpis et al. 2001) . Insecticidal activity of spores of B. cereus against Aedes aegypti has been determined (Dana 1981) . Various factors influence the interactions between intestinal microorganisms and their hosts. Bacillus spp are common inhabitants of different mosquito species from different habitats (Takahiro et al. 2006) . The bacteria play vital roles in digestion and growth factor production, immune response in their host and also protect from harmful microbes by producing anti-microbial products (Baumann et al. 1995; Rajagopal 2009 ). Natural chemicals that transfer information between organisms are generally classified as semiochemicals (Regnier 1971 2004). It has been reported that Paenibacillus nanensis and B. cereus play a vital role in the development of Drosophila ananassae (Maji et al. 2013) . Phytochemical products such as tannins, flavonoids, alkaloids and several other aromatic compounds are secondary metabolites of plants that are involved in defense mechanisms against many microorganisms and insects (Lutterodt et al. 1999; Marjorie 1999) . Different plants of several families have been reported for their insecticidal activity (Green et al. 1997) . It has been reported that leaves of T. indica showed antipseudomonal activity (Muthu et al. 2005) . Present study shows that leaf extracts of T. indica have a significant 
